Although the polyamines putrescine, spermidine, and spermine occur in some form in all living cells examined and are required for growth of some cells (14) , their physiological role remains obscure. Polyamines have a high affinity for polynucleotides and have been shown to be structural components of ribosomes (2) . These observations have led to the postulate that polyamines function as naturally occurring counter-ions to neutralize a portion of the negative charges on RNA and DNA. Certainly the large amount of polyamines found in the heads of T-even bacteriophages, sufficient to neutralize 40 to 60% of the DNA phosphate (1) , would support this view. In the study to be described, we have undertaken to determine whether polyamines may serve a regulatory role in adenovirus replication and whether they can be found in sufficient amounts in purified adenovirus virions to neutralize a significant portion of the virus DNA.
Preparation of stocks of type 5 adenovirus and determination of infectious titers, expressed as PFU per milliliter, have been described previously (7) . Spinner cultures of KB cells were propagated in Eagle minimal essential medium supplemented with 10% calf serum (3). The cells were then infected with an input multiplicity of 100 PFU/cell. The medium was supplemented with 5% dialyzed horse serum ' instead of calf serum, since horse serum was found to be free from spermine oxidase activity.
To determine whether polyamines can be efficiently labeled with radioactive precursors, incorporation of L-["C]ornithine (8) and ["C lputrescine (9) into polyamines was followed. Immediately after infection, L-[14C ]ornithine (172 mCi/mmol) or [14C]putrescine (5 mCi/mmol) was added to infected and uninfected KB cell cultures at 0.02 and 0.01 gCi/ml, respectively. Samples (50 ml) were withdrawn at various times, and the intracellular polyamines were isolated by a modification of the procedure of Raina (11) . The cells were collected by centrifugation and suspended in 5 ml of 0.1 N HCl, and 5 ml of 10% trichloroacetic acid was then added. After 1 h at 4 C, the insoluble material was removed by centrifugation and the supernatant was extracted three times with ether to remove the trichloroacetic acid. Traces of ether were removed by heating to 40 C under vacuum. The polyamines were then extracted into n-butanol at pH 13 by shaking for 30 min at 37 C. The butanol phase containing the polyamines was evaporated under vacuum, and the residue was dissolved in 0.1 N HCl. The polyamines were separated by paper electrophoresis on Whatman no. 1 strips in 0.07 M citric acid buffer (pH 3.4) for 2 h at 10 V/cm (12) . The papers were dried and dipped in ninhydrin solution (ninhydrin, 1 g; cadmium acetate, 0.1 g; acetone, 100 ml; glacial acetic acid, 5 ml; water, 10 ml). After 10 min at room temperature, the color was developed for 90 min at 75 C. The colored bands were excised and eluted in 5 ml of a solution consisting of: glacial NOTES acetic acid, 500 ml; absolute ethanol, 400 ml; water, 100 ml; and cadmium acetate, 20 g. The polyamines were quantitated by optical density at 505 nm using the extinction coefficients reported by Raina and Cohen (12) . Radioactivity was determined by cutting the stained bands from the strips, immersing them in 1 liter of toluene containing 6 g of 2,5-diphenyloxazole and 0.5 g of 1,4-bis-(5-phenyloxazolyl)-benzene (Packard Instrument Co., Downer's Grove, Ill.), and counting in a Packard Tri-Carb liquid scintillation spectrometer.
In the infected cells, incorporation of L-["C]ornithine into putrescine ceased after 8 h (between 8 and 20 h), but continued for 20 h in the control cells (Fig. la) . The shutoff was not due to depletion of L-[14C ]ornithine in the medium since its incorporation into trichloroacetic acid-insoluble material continued at a constant rate for at least 30 h. The incorporation of radioactivity into spermidine and spermine indicated that these compounds were also synthesized in uninfected and infected KB cells.
For a more precise determination of how long spermidine and spermine synthesis continued in infected cells, the incorporation of ["C ]putrescine into the specific polyamines was measured (Fig. lb) . The specific activity of both spermidine and spermine increased at the same rate in the infected and uninfected cells for about 12 h after infection. After this time, the rate of incorporation into infected cell polyamines decreased with respect to the control cells, which remained constant. However, when ["C ]spermidine (5 mCi/mmol) was added to infected cultures at 0.01 yCi/ml, there was not any difference in the rate of spermine synthesis between infected and control cultures, and therefore the decreased rate of spermine synthesis observed in Having established that polyamine biosynthesis continued for 8 to 12 h after infection with type 5 adenovirus, we examined the polyamine content of adenovirus particles to determine whether polyamines were components of the virions. Analysis of the polyamine content of purified adenovirus (7), according to the extraction and quantitation procedures described above, indicated that there was less than 0.004 mol of each polyamine per mol of DNA phosphate. This meant that a maximum of 3.6% of the DNA could be neutralized by these compounds, based on the nitrogen content of each polyamine. The possibility that endogenous polyamines were displaced in the purified virions could not be eliminated, however, since virus purification involved fluorocarbon extraction and several centrifugations in CsCl gradients. To avoid exposure to high salt concentrations, the incorporation of radioactive polyamines into adenovirus isolated without equilibrium sedimentation in CsCl was examined. The procedure employed was a modification of the sucrose density gradient procedure described previously (7) . Cells were infected, and [3H]thymidine (0.1 mCi/ml; 2 Ci/mmol) was added at 12 added. At 36 h after infection, the cells were harvested and treated, and the sonic extract was centrifuged into a linear 15 to 30% sucrose gradient, as described in the legend of Fig. 2 .
Only a small fraction of the intracellular labeled polyamines cosedimented with the [3H]thymidine-labeled virus, which coincided with the visible virus band (Fig. 2a, b, c) . The percentage of total "C radioactivity in the virus band in each gradient was: putrescine, 0.14% (Fig. 2a) ; spermidine, 0.31% (Fig. 2b) At 36 h after infection, the cells were harvested and suspended in 2 ml of 0.01 M phosphate, pH 7.2. The cell suspension was treated with 0.5% deoxycholate and 10 gtg of RNase per ml at 37 C for 30 min and sonically treated for 20 s, and 0.4 ml was layered on top of 4.6 ml of a linear 15 to 30% sucrose gradient in 0.01 M Tris-hydrochloride (pH 7.2). After centrifugation for 10 min at 35,000 rpm in an SW39 rotor, fractions were collected through a hole in the bottom of the tube and the radioactivity was counted. Experiments summarized in (d) and (e) were performed as for (a), (b), and (c), except that radioactive polyamines were not added after infection. After the cells from each culture were suspended in 1 (Fig. 2c) . Hence, the amount of polyamine associated with the virions could be as much as 0.0005 mol of putrescine, 0.001 mol of spermidine, and 0.001 mol of spermine per mol of DNA phosphate, a quantity of polyamine sufficient to neutralize about 1 to 2% of the DNA phosphate.
Since these polyamine levels were very low, the possibility of nonspecific binding of the polyamines to virions was examined. Cells were infected as in the previous experiment except that the labeled polyamines were omitted. The cells were harvested, washed, and suspended in 1 ml of buffer, and ["C ]spermine was added to a final concentration of 0.03 or 0.3 ,uCi/ml to equal samples. The extract was prepared and the virions were purified as described in the previous experiment. The amount of ['C ]spermine bound was similar at both concentrations of added isotope (Fig. 2d, e) . The ratio of These data suggest that the polyamines found associated with adenovirus particles may not have been integral components of virions, since similar quantities of exogenous polyamines readily became associated with the virus. Shortridge and Stevens (13) reported the presence of sufficient spermine and spermidine in purified adenovirus to neutralize 10% of the virus DNA. Although this amount is higher than that reported here, these investigators did not make any attempt to assess the purity of their virus preparations or to exclude nonspecific binding of cellular polyamines (13) . In fact, these authors were unable to show incorporation of isotopically labeled methionine into virion polyamines (13), although we have demonstrated some polyamine synthesis during a major portion of the virus multiplication cycle.
Herpes simplex virus is the only mammalian virus in which polyamines have been demonstrated in purified virions; the virions contain sufficient spermine in the nucleocapsid fraction to neutralize 40% of the DNA phosphate. Spermidine was found only in the envelope (4). The morphogenetic processes of herpesvirus, however, may result in the trapping of significant amounts of cellular components.
The neutralization of DNA phosphate in adenovirus virions may be accomplished primarily by the arginine-rich internal polypeptide associated with the virus DNA (6, 10) . This polypeptide, which appears to be a late viral protein and dependent upon viral DNA synthesis, is present in the virion in sufficient amounts to neutralize 60% of the adenovirus DNA phosphate (10) . Other viruses which contain little or no polyamines, such as Shope papilloma (5), might also be expected to contain basic proteins associated with the nucleic acid.
We conclude from these studies that polyamines probably do not play a major regulatory role during viral replication, that the quantity of polyamine associated with type 5 adenovirus virion is not sufficient to neutralize a significant fraction of the DNA, and that the polyamines detected in the virion are probably present owing to nonspecific adsorption.
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